Patients with mycosis fungoides (MF), the most common subtype of primary cutaneous T-cell lymphoma, have an increased risk of developing secondary malignancies. We herein report two rare cases of MF concurring with diffuse large B cell lymphoma (B lymphoid lineage) and acute myeloid leukemia (myeloid lineage) in two otherwise healthy elderly patients. Potential etiologic factors, including the impact of the therapyassociated inflammatory response on the development of secondary tumors in patients with MF, are discussed. Further clinical, experimental and genetic studies are needed to elucidate possible physiopathogenic associations among the three concurrent malignancies occurring in the cases presented here.
Introduction
Mycosis fungoides (MF) is the most common subtype of primary cutaneous T-cell lymphoma (CTCL), resulting from the clonal proliferation of skin infiltrating T helper-like lymphocytes (1) . Clinically, MF is characterized by scaly, erythematous skin plaques, frequently having a long natural history, with a median duration from the onset to the diagnosis of six years (2) . Approximately 30% of patients with MF have generalized erythroderma or skin tumors (2, 3) . Notably, patients with CTCL are at high risk for developing secondary malignancies, including hematological malignancies (4, 5) .
Diffuse large B-cell lymphoma (DLBCL) is the most common type of Non-Hodgkin lymphoma in adults. DLBCL typically affects older individuals, with a median age of approximately 70 at the diagnosis (6) . DLBCL frequently arises from the transformation of normal B cells in lymph nodes or spleen, but transformation from other hematological malignancies has also been reported (7) .
Acute myeloid leukemia (AML) is the most common subtype of acute leukemia in adults. This highly heterogeneous disease originates from the abnormal and uncontrolled proliferation of hematopoietic precursor cells that results in the accumulation of immature myeloid cells in the bone marrow (8) . AML more frequently affects older individuals and is associated with disease relapse and a poor prognosis. AML (M4) is a subtype of AML, according to the French America British (FAB) classification, that involves the proliferation of myeloblasts and is classified as 'AML not otherwise classified' under the WHO system. This entity represents 5-10% of AML cases in adults and nearly 3% of all pediatric leukemias (9) .
We herein report two extremely rare cases of three hematological malignancies occurring on both lymphoid lineages and myeloid lineage. Genomic DNA (gDNA) from paraffin-embedded skin tissue was extracted with a QiAamp DNA FFPE Tissue Kit (Qiagen, Hilden, Germany), and gDNA from cryopreserved spleen tissue and freshly obtained oral mucosa were extracted using a Wizard genomic DNA purification Kit (Promega, Madison, USA). After determining the quality and quantity of the extracted gDNA with the PicoGreen dsDNA assay kit (Life Technologies, Palo Alto, USA), the samples were stored at -20 until analysis.
A next-generation sequencing (NGS) assay for the TET2 gene mutation was designed to detect mutations in codons 3-14 using an Ion Torrent PGM instrument (Life Technologies). The polymerase chain reaction (PCR) primers for this assay were designed using the Ion Ampliseq designer v.3.4 (Thermo Fisher Scientific, Waltham, USA), and library preparation was performed with 20 ng of genomic DNA using the Ion Ampliseq Library Kit (Life Technologies) according to the manufacturer's instructions. The Ion Xpress Barcode Adapters (Life Technologies) were ligated into the PCR products and purified with Agencourt Ampure XP beads (Beckman Coulter, Fullerton, USA). Purified libraries were sequenced on an Ion Torrent PGM device (Life Technologies) using the Ion PGM 200 sequencing Kit v2 and the Ion318 v2 Chip Kit. DNA sequencing data were accessed through the Torrent Suite v4.2 software program (Thermo Fisher Scientific). The reads were aligned against the hg19 human reference genome, and the variants were called using the plug-in Variant Caller (ver. 4.2; Life Technologies).
Case Reports

Case 1
A 77-year-old man was referred to our hospital with pruritic erythematous skin lesions over most of his body present for more than 2 years (Fig. 1A) . He denied symptoms of a fever, fatigue, dyspnea or night sweats. A physical examination revealed rash-like patches, itchy skin and small skin tumors with patches and papules covering ! 10% of the skin surface. A skin biopsy revealed the presence of epidermotropic lymphoid cells that were in association with Pautrier's microabscesses (Fig. 1B) . These lymphoid cells stained positive for CD3 and CD4 and were negative for CD20 ( Fig. 1C and D) as well as for CD7 and CD8 (data not shown). In addition, these cells were positive for T cell receptor (TCR) gene rearrangement (Vβ/Jβ2, Dβ/Jβ1,2), as Fig. 2A) . A pathological examination of a splenic specimen obtained by splenectomy showed the presence of diffuse proliferating large cells that were strongly positive for CD20 ( Fig. 2B-D) . The patient was therefore diagnosed with DLBCL coexisting with MF.
He was treated with rituximab at 375 mg/m 2 on day 1 in combination with the CHOP regimen (cyclophosphamide 750 mg/m 2 on day 1, doxorubicin 50 mg/m 2 on day 1, vincristine 1.4 mg/m 2 on day 1, and prednisone 60 mg/m 2 on days 1-5 and repeated every 21 days), which was given for 6 courses and resulted in the induction of a complete response (CR). Notably, the cutaneous manifestations of MF were significantly improved after 6 courses of R-CHOP treatment, suggesting that the large doses of prednisone (total dose of 360 mg/m 2 ), which were used as part of the treatment for DLBCL, may have contributed to the improvement in the skin lesions of MF (Fig. 3A) . The patient showed no sign of disease during the subsequent follow-up period, but a routine blood analysis performed at six months after achieving CR revealed severe leukocytosis [white blood cell (WBC) count 115×10 3 /μL with 34% of monocytoid cells], thrombocytopenia (platelet count 6.8×10 4 /μL), with no evidence of anemia (red blood cells count 347×10 4 /μL). An analysis of a bone marrow aspirate showed hypercellular marrow with 4.4% myeloblasts and 56.6% monoblasts, which were positive for peroxidase ( Fig. 3B and C) , naphthol AS-D chloroacetate esterase and alpha-naphthyl butyrate stains (Fig. 3D) . These leukemic cells were positive for CD11b, CD13, CD14, CD15, CD33, CD36 and CD64 on flow cytometry. The patient was thus diagnosed with acute myelomonocytic leukemia (FAB classification: AML M4) as the third concurrent hematologic malignancy.
A karyotypic analysis of the leukemic cells revealed a normal karyotype. He was treated with induction chemotherapy for remission that included cytarabine continuously 100 mg/m 2 on days 1-7 and daunorubicin 50 mg/m 2 on days 1-5, resulting in CR. The patient is currently under CR for all three hematological malignancies. 
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Given the asynchronous occurrence of hematological malignancies arising from three different lineages in the same individual, we considered the possibility that these malignancies might have a common origin. We examined potential mutational changes in the TET2 gene in the malignantderived tissues using targeting NGS, since the TET2 gene is frequently mutated in malignancies from the B, T and myeloid lineages. Because AML cells were not available for this study, we performed the NGS assay with gDNA samples extracted from the skin (MF) and spleen (DLBCL). Surprisingly, no somatic mutations in the TET2 gene were identified in the malignant tissue analyzed.
Case 2
A 77-year-old woman was evaluated at another hospital for a 10-cm skin erythema lesion with squama on the left lower abdomen, without itching or pain (Fig. 4A) . The patient had no relevant history, except for DLBCL diagnosed 10 years before the admission that had been completely eradicated after splenectomy together with R-CHOP therapy. Biopsy studies and immunohistochemistry of the skin specimens revealed intense cellular infiltrate composed of CD3 + and CD4 + , CD20 -and CD79a -atypical lymphoid cells with an irregular nucleus ( Fig. 4B and C) . The patient was therefore diagnosed with MF (Patch stage, T1N0M0B0; stage 1A).
She was treated with topical corticosteroid as monotherapy for four months. Two months later, swelling lymph nodes located in her left cubital fossa were noticed (Fig. 5A) , and an analysis by PET-CT indicated the strong accumulation of FDG (SUVmax. 6.92, Fig. 5B ). Hematoxylin and Eosin (H & E) staining of specimens derived from the cubital lymph node showed diffuse proliferating large lymphoid cells (Fig. 5C ) that were positive for CD20 (Fig. 5D) . She was diagnosed with DLBCL and was therefore treated with the R-CHOP regimen. However, 2 months after starting this therapy, peripheral blood tests revealed WBC counts of 75.2×10 3 /μL, with 72% blasts, hemoglobin 6.6 g/dL and platelets 2.1×10 4 /μL. An analysis of a bone marrow aspirate showed hypercellular marrow with 77.4% myeloblasts and monoblasts that were weakly positive for both peroxidase and naphthol AS-D chloroacetate esterase (data not shown). She was diagnosed with concurrent AML (FAB classification: M4). The AML cells possessed a normal karyotype, as assessed by a chromosomal analysis. The patient was transferred to another hospital to undergo special treatment for AML but eventually died from sepsis. 
Discussion
MF is the most common cutaneous T-cell lymphoma and is characterized by skin lesions developing over years to decades that slowly progress from localized plaques to diffuse erythroderma patches and sometimes thicker tumor lesions (10). The outcomes are largely dependent on the extent of the skin, blood, lymph node, and visceral organ involvement, with advanced age, systemic extension, and increased LDH levels being frequently associated with a poor survival (11) .
MF is notorious for its association with an increased risk for the development of secondary malignancies compared with healthy population (4, 5, 12) . The coexistence of MF and B-cell malignancies in the same patient has been described before as either isolated case reports or relatively large case series (4, 12) ; the time elapsed between the onset of B-cell malignancies may range from 4 to 22 years (12, 13) . In patients with MF, the risk of developing secondary Hodgkin disease is greatest in males and older patients, whereas secondary non-Hodgkin lymphoma appears to favor younger patients (4).
The mechanisms underlying such an increase in the rate of developing second malignancies is unclear, although several potential mechanisms have been proposed, including an inherent potential of MF to increase the risk of malignant transformation or a consequence of the therapies utilized for MF. For example, patients with secondary malignancies preceded by MF were often exposed to chemotherapy, phototherapy, radiation, and electron beam therapy. These therapies have the potential to generate an intense immune response, resulting in a chronic inflammatory systemic response. In addition, they induce direct or indirect DNA damage, which also contributes to the increased risk of malignant transformation (14, 15) . Furthermore, reduced levels of vitamin D or possessing a risk allele of the vitamin D receptor gene have been reported to contribute to the pathogenesis of MF and to increase the risk of secondary malignancies (16) . Data from whole-genome sequencing have also revealed the increased frequency of mutations in oncogenic genes such as P53 and JAK3 in patients with MF, which can contribute to the predisposition of these patients to other cancers (17) .
Intriguingly, the frequent exposure to sunlight [ultraviolet (UV) radiation] has been linked to a reduced risk of nonHodgkin lymphoma (NHL), especially DLBCL (18, 19) ; however, in patients exposed to therapeutic UV radiation, such as UV-B radiation, an increased incidence rate of leukemia has been reported (20, 21) . Of note, Case 1 reported here received NB-UVB therapy for MF, but Case 2 did not. In contrast, secondary AML arising in CTCL patients receiving psoralen and UV therapy has been reported, suggesting that therapies for CTCL are frequently associated with 
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A B the development of AML (22) . Mixed phenotype acute leukemia is a rare and difficult-totreat hematologic malignancy with co-expression of at least two cell lineages and in rare cases involving three lineages. A distinctive characteristic of this disease entity is the presence of the undifferentiated leukemia cells, featuring at least two cell lineages at the diagnosis (23) . This is in contrast to the two cases presented here, which characteristically showed the consecutive emergence over time of tumor cells derived from different cell lineages in patients who presented with MF.
A clonal analysis of the hematopoietic stem cell compartment suggests that recurrent TET2 mutations can be early events in hematologic cancers, and recent reports have shown that TET2 mutations are detectable not only in substantial myeloid malignancies but also in B-/T-cell lymphomas (24) . AML/myelodysplastic syndrome (MDS) arising in patients with lymphoma were found to carry the same TET2 mutation as the preceding lymphoma, indicating a common cell of origin (25) . It was recently reported that TET2 protein expression may be an independent predictor for progressive disease and death in patients with MF (26), and TET2 mutations were reported in 12 of 100 patients with DLBCL, with 7% carrying loss-of-function and 5% carrying missense mutations (27) . Furthermore, the presence of TET2 mutations has been documented in AML patients with normal cytogenetics (28) .
The chromosomal analyses of bone marrow in the cases presented here revealed a normal karyotype without the loss of the long arms of chromosomes 5 and/or 7 at the diagnosis of AML, and the chimeric DNA quantitative determinations of MLL-ELL, MLL-AF6, and MLL-AF9 were also negative in Case 1. Notably, in this case, the chromosome analysis of spleen specimens revealed hyperdiploidy with complex anomaly (Table) ; regrettably, however, the chromosomal analysis of skin specimens from this patient was not available, so whether or not the MF cells carry such chromosomal aberrations is unknown.
Our in-deep mutation analysis of TET2 showed no somatic mutations in this gene in the malignant tissues that were analyzed in Case 1. Consequently, in this case and based on the mutational status of TET2 gene, there is no evidence to support the assumption that MF and DLBCL developed from a common cell of origin. Although it may be necessary to rule out the presence or absence of B-cell rearrangement in the CTCL cells from this case, it is very likely that the AML nor the DLBCL in Case 1 were not therapy-related malignancies but rather two different hematological malignancies coexisting in the same patient. The spleen is an organ with important immunological and hematological functions, including antibody production; the maturation, activation and storage of lymphocytes; iron recycling; and the mechanical filtration of blood, which is critical for removing damaged and aged blood cells and for the clearance of bacteria and other pathogens (29) . Recent studies have revealed an increased risk for developing some malignancies in patients who have undergone splenectomy. In a large study of 8,149 splenectomized patients, the authors reported an increased risk of developing solid cancers (odd ratios =1.3-1.9) and hematologic malignancies in splenectomized patients, including non-Hodgkin lymphoma, Hodgkin lymphoma, multiple myeloma, AML, chronic lymphocytic leukemia, chronic myeloid leukemia, and any leukemia (odd ratios =1.8-6.0). These patients also had an increased risk of death due to any cancer, including that of the liver, pancreas, and lung; non-Hodgkin lymphoma; Hodgkin lymphoma; and any leukemia (odd ratios =1.3-4.7). Of note, the risks were significantly elevated at more than 10 years after splenectomy (30) . However, whether or not splenectomy performed as part of the treatment for DLBCL in the two cases reported here contributed to the development of secondary malignancies in these patients is unclear.
The patients described in the present report were treated with rituximab. Isolated case reports and anecdotal experience have raised the question of whether or not treatment with rituximab increases the risk of second primary malignancies (31) . However, a recent meta-analysis found no predisposition to second primary malignancies among NHL survivors exposed to rituximab at a median follow-up of six years (32) .
An important factor that may predispose patients with MF to develop secondary malignancies is the relative immunodeficiency that patients with cutaneous lymphoma, such as MF and Sézary syndrome (SS), typically develop during disease progression (33) . In these lymphomas, malignant T cells appear to promote immunodeficiency in an attempt to avoid antitumor immunity. Although the underlying mechanisms remains unclear, it has become evident that a subset of highly immunosuppressive regulatory T cells (Tregs) emerge from the infiltrating malignant T cells pool (15, 33) . Therefore, this immunosuppressive-like state may not only determine the increased risk of severe infections typical of patients with MF but also be a key factor that favors the growth other malignant cells. Interestingly, Treg clones appears to play a central role in the pathogenesis and progression of MF and SS, as demonstrated by the promising clinical response observed in patients treated with the anti-CC chemokine receptor 4 monoclonal antibody mogamulizumab, which depletes malignant Treg clones (34) .
In summary, we herein report two rare cases of three hematological malignancies featuring two lymphoid lineages and a myeloid lineage that emerged over a relatively short period of time. To our knowledge, these are the first such cases reported in the literature. Although whether or not the three diseases coexisting in these two cases are etiologically associated remains unclear, searching for potential carcinogenic markers in specimens derived from each tumor using new screening technologies, including multiparameter cellular analyses, proteomic studies, and extensive genetic studies such as single nucleotide polymorphism (SNP) array and NGS techniques, may help clarify the pathogenesis of these diseases. The identification of such molecular events can be utilized as surrogate biomarkers of malignant transformation for the early detection of these malignancies.
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